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COMPLETE SPECIFICATION 
Production of Heptafluoropropane 
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lady, gaseous hexafluoropropene and m$eaa& 
anhydrous hydrogen fluoride may be Con- 
tinuously metered, mixed and fed at sub- 
stantially axmospberic pressure into a tubuilar 
reactor which is packed preferably i xm watix 
activated carbon catalyst and which may 



Wc, Allibo Chemical Corporation, a 
Corporation organised and e^tmg 
the laws of the Sate of New York, Untfed 
States of America, of 61, Broadway, New 

York 6, New York, XTmted States or _ 
America, do hereby dedate the ^ bTS oTH«t~Sk such.' as" nicke}, 

which we pray that a patent may be Sm™v? ™ C«mv£* or of steel lined waft 

to us and the method by wh«ch * » be Mend , £t ^ 
performed, to be. particularly described » Kffi"^ ^nodSi" being Registered 
and by die foUowiog statement:— _ . Marks'} and enveloped in a suitable 



CF„ VpT -17 to -18.5 C, (hereinafter 
referred to simply a* heptafluoropropane) by 
IS direct hydronuerinadon of he^troroprcpene, 
CF^CFicF:, b.p. -2*° C Heprafluoro- 
propane is useful a* a jwpeBwr and as ar 



matie bearing means to provide the reaction 
temperature. Produce recovery may be 
effected by cleans generally conventional m 
this am For example, vapours leaving the 
reaction zone may be passed tshrough ; ^ 
water scrubber Co remove hydrogen- fiuopde. 



^.opane is uwau* « <* sibber <o remove nyorogen- nuormc, 

gaseous dielectric. v^«fln<%rr>- and those leaving the scrubber may be dried 

It ha* been proposed. to make bepafluoro- ana mose condm , ed fa die receiver 

propane by a procedure involving hqmd^base ana men by use of a 

reaction between hexafluoropropene and by ^le^ott^ ^ 
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It is also of major ^^J^^ U rn^h acdvated carton such as Columbia 
Standpoint of simple operation, ^ activated 14 "S?*^^^ Daro0 . (The word 
crtX promote^ x««*m SS mU.) The 



carbon pjrLmivwa u*w ■ ^^L, 

atmospheric pressure, and requires only 
moderately elevated reacrioo tcmperanires. 

Generally, the practice of the invention 
includes effecting reaction between gaseous 
hexafiuoropro.pene and gaseous subsomially 
anhydrous hydrogen fluoride at moderately 
elevated reaction temperature and sno- 





70 



Dry Ice-acetone mixture. .The re^ultm| 
condensate then may be fracnomiflly dashed 
to facilitate recovery of the soughMor pro- 
duct, and separation or 1 possibly small amounts 
of impacted starting material which may 
he recycled if desired. 

reacts of anhydrous hydrogm ^^^^^^^1^ „ 

h^uoropropene « . ? n ^ amtioHabk, ^X^ttrials which are readily available 75 

all gas-phase, catalytic Process jo wmcn gra commercial sources, suitable 

heptafluoro.propane » »»" J™£ 2SLwT& *5»« grades of around • 
It fa also ^.^orj^r^, fcom the maters begs^ ^ 



reaction uci>v^u U v«*-»-. -r- — . 
aqueous hydrofluoric acid in a pressure vessel 
at substantial supcratrnospheric pressures. 
The disadvantages of batch, iiquod^hasc, 
autoclave vperations arc apparent. 

Ic has now been found that activated carbon 
by itself possess the power of promodn^ 
reaction of aonydrous hydrogen fluoride and 



'Darco" is a Registered Trade Mark,) The 
grain size is not highly critical. OrdmarHy, 
xht reaction as carried out in elonpeed tubuJar 
reactors, and it is then desirable to employ 
activaeed carbon granules of average mesh 
sbc between l/20th and l/4th of the reactor 
diameter; preferably the reactor * sub- 
stantially completely filled with granules of 
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obtainable by die practice of the invention* 
it has hctn femnd that the reaction zone 
temperature should be held in the range 
of 250 — 450° C. Experience indicates that 
5 the best yields appear to be dependent upon 
a correlation of ttenrperature and mo! rack* 
of hydrogen fluoride: to hesaflucrcpiopene 
starting miMriaL The rem; den mvoflvsd 
may be represented by 

10 CF a CF=CrVi-HF ~> CF.CFHCF,. 
Generally, die quantity of hydrogen fluoride 
used relative to hexafluoropropene starting 
material may be any amount sufiScient to 
reacc with a substantial quantity of the 
15 hexaiiucropropene, and if hexaflucropropene 
conversion and utilization cf hydrogen 
' fluoride per pass are not of major importance, 
hydrogen ffcstide in amount less than 
theoretical may be employed. However, for 

20 better cv^iall operation, the mol ratio of 
hydrogen fluoride to b-rafluoropropeue prefer- 
ably should be in die range of 1:1 to 3:1. 
Ttfhen high, yields arc desired, it is preferred 
to employ the hydrogen fluoride 'm amount 

25 in excess of the theoretical requirement, and 
for best yields (of or approaching 100% on 
the basis of the organic starting material fed) 
a mol ratio of hydrogen fluoride to hexa- 
fluoropropene in the range of 1.5:1 to 3:1 

30 is preferred. As demonstrated in die 
appended examples, when utilizing hydrogen - 
fluoride and organic starting material in the 
preferred mol ratio range, and employing 
reaction zone temperatures in the range of 

35 375—425* C, ^stantiaHy 100% yields of 
heptafluoropropane may be obtained. 

A' major advantage of the invention is that 
the reaction may be carried out efficiently at 
substantially atmospheric pressure as dis- 

40 tinguishe d from die snperatrnospheric 
pressures characteristic of the prior art. It 
will be understood that in the practice of gas- 
phase catalytic processes of the general type 
described herein, i.e. processes in which * 

45 gas stream is caused to flow successively 
through reaction and product recovery 
systems, the pressure is considered for practi- 
. cal purposes as being substantially atmos- 
pheric even chough it is surBdently high on 

50 the input side to effect commercially satisfac- 
tory gas flow through the apparatus tram, 
Thus, strictly speaking, depending upon fac- 
tors such as apparatus design, mesh size of 
catalyst, unpacked gas space m the reactor, 

55 desired contact time, etc., the actual pressures 
in systems of the kind under consideration 
may vary from 2 up to say 10 — 15 pounds 
g^uge, and accordingly operations of this 
type are regarded as .being effected under 

GO substantially ( atmospheric pressure. 

Contact time may be varied considerably 
without noticeable failing of! co process 
efficiency. General^ an increase in the 
contact time and reactor temperature results 

65 in higher utilization of the hydrogen fluoride 



and conversion of hexanuaropropene, and a 
decrease in contact time and reactor tempera- 
ture results in lower utiJazarion of hydrogen 
fluccide and lower conversion* Contact 
times may lie in the range of 0.5—60 seconds, 70 
but wiM usually and preferably be in the 
range of I — 25 seconds. To a substantial 
extent, contact time, reactor temperature and 
ratio of reaetnnts are inter-related, and depend- 
ing upon the apparatus and che particular 75 
operation at hand, optimum conditions as to 
contact .time may be determined by rest 
runs. 

In Examples I and n which follow, die 
reactor Cttraisred of a 1 inch internal dfemeter 80 
nickel tube 42 inches long heated externally 
by an electric furnace enveloping about 30 
inches of its length. The reactor was pro- 
vided at the inlet end with suitable means 
for metered mtrcduction of gaseous hexa- 85 
fluoropropene and anhydrous hydrogen 
fluoride, while the reactor outlet was con- 
nected to itta inlet end of a products recovery 
train. The catalyst employed consisted of 
activated carbon (commercially available 90 
CcJunibia 0*G grade) of 8 — 14 mesh, the 
size 'being such as o provide granules- 
averaging about 1/lOth of ine reactor; 
diameter. The reactor was completely filled 
with' catalyst, .the total volume amounting to 95 
about 0.54 litre. The pressure in the 
reactor system was about 3 lb. psig 0 Le. 
suJEeient to move the gas stream through 
the reactor system at the contact: rimes; 
indicated and through the remainder of the 100 
apparatus' train. Percentages are by weight. 

Example I 
During a period of about 125 nnniutes, 
about 77 grams (3,35 mols) of anhydrous 
hydrogen fluoride and about 308 g. (2.G5 105 
mols) of hejQfluorcpropeno Were premised 
and metered in to .the reactor system. 
Throughout the run the temperature within 
the reactor was maintained in the range 392 
to 402° C. Overall contact time was 110 
approximately 9 seconds. The vapours leaving 
•the reactor were warer-scru-bbed to remove 
some hydrogen fluoride, dried by passage 
through a calcium chloride drying tower, and 
condensed and collected in a receiver cooled 115 
with Dry Ice-acetone. A total of 36.1 g. 
(1.81 mols) hydrogen fluoride was scrubbed 
out of the reactor exit gas. A total of 
342 g. of material was condensed and 
recovered an the receiver. On distillation 120 
of the condensate, there were recovered 316 
g. of material boiling in the range —16 to 
—17,5* C and 25 g. of sdll residue. 
Analysis, including infra-red absorption 
spectrum analysis and gas* chromatography, 125 
established both distillate and residue, a 'total 
of 341 g. (2.0 mols), to be hept^uoropropane. 
Hence, the yield on the basis of hexafluoro^ 
propene fed was substantially 100%. 
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Example n 
During- a period of about 120 minutes 
88 g. (4.40 mols) of anhydrous hydrogen* 
fluoride and about 278 ff. (L85 mnla) of 

5 hexafluoropropene were premized and metered 
into the reactor. Throughout the run the 
temperature in the reactor was maintained in 
the range 300 to 306" G Overall contact 
rime was approximately 8 seconds. The 

10 vapours leaving the reactor were Hand-Terr 
as in Example I. A total of about 43 g. 
(215 mola) of hydrogen fluoride ^ scrubbed 
out of the reactor exit gas, and a total of 
316 g. of condensate was recovered m the 

15 Dry Ice .trap. On dMJatSoa there were 
recovered as condensate about 291 g. of 
material boiling substantially in the range 
of —16 (to —17.5° C and 25 g. of «tnl 
residue. Analyst in cludin g Snfw-red 

20 absorption spectrum analysis and gas 
chromatography, showed both distillate and 
residue to be heptafluoropropane^ m total 
amount of 316 g. (L.86 mols). The yield 
based on hexaflxjoropropeixe fed was sub- 

25 stantially 100%. 

WHAT WE CLAIM 15 : — - 
I. Process for the producrkm of 1,1,1a- 
3^,34xcpTafi.uoTopropane, which comprises 
bringing a mixture of hexafluoropcopene and 

30 substantially anhydrous hydrogen fluoride in 
the fas phase into contact with an active 



carbon catalyst at a temperature of 2S0°— 
450° C. 

2. Process according to Oaim 1> whercm 

the reaction ds effected under substantially 35 
atmospheric pressure. 

3. Process according to Claim 1 or 2, 
wherein the mol ratio cf the hydrogen fluoride 
to the hexafluoropropexre is beween 1:1 
and 3:1. , 40 

4. Process according to Oaim 3, wherein 
•the mol ratio is between 1.5 : 1 and 3 : 1 and 
the reaction temperature is 375*— 435° G. 

5. Process according to any one of the 
preceding claims, wherein the mixture of 45 
hydrogen fluoride and hexafluoropropene is 

fed continuously shto *nd through a tabular 
reaction zorue containing the actwc carbon 
and heated to £hc reaction temperaaure, and 
the vapours leaving the zone are continu ously 50 
treated to isolate beptafluoropropane ifcere- 
from. 

6. Process for the production of 1,1,1,2,- 
3,3^-hcpt^uoTopropane accorcBng to Claim 

1, subsranciailly as he reinb efore described. 55 

7. l,l^l 4 2^^^4xeptanWror>mpftne obtained 
by a process claimed in airy one of the 
OTccedmg claims. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
\4, South Squai^, Gray's Ion, 
London, W,C1. 
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